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High prevalence of diabetes mellitus in patients with liver cirrhosis has been reported In 
many studies. The aim of our study was to evaluate the relationship of hepatic fibrosis and 
steatosis assessed by transient elastography with diabetes in patients with chronic liver 
disease. The study population consisted of 979 chronic liver disease patients. Liver fibrosis 
and steatosis were assessed by liver stiffness measurement (LSM) and controlled 
attenuation parameter (CAP) on transient elastography. Diabetes was diagnosed In 1 65 
(1 6.9%) of 979 patients. The prevalence of diabetes had significant difference among the 
etiologies of chronic liver disease. Higher degrees of liver fibrosis and steatosis, assessed by 
LSM and CAP score, showed higher prevalence of diabetes (FO/1 [14%], F2/3 [18%], F4 
[31%], P< 0.001 ; SO/1 [15%], S2 [17%], S3 [26%], P= 0.021). Multivariate analysis 
showed that the Independent predictive risk factors for diabetes were hypertension (OR, 
1.98; P= 0.001), LSM F4(0R, 1.86; P= 0.010), male gender (OR, 1.60; P= 0.027), and 
age > 50 yr (OR, 1 .52; P = 0.046). The degree of hepatic fibrosis but not steatosis assessed 
by transient elastography has significant relationship with the prevalence of diabetes In 
patients with chronic liver disease. 

Keywords: Chronic Liver Disease; Diabetes Mellitus; Transient Elastography; Fibrosis; 
Steatosis 



INTRODUCTION 

TLie prevalence of diabetes mellitus in patients with liver cir- 
rhosis is higher compared to that in the general population. The 
prevalence of diabetes has been reported to be between 30% 
and 70% depending on the etiology, the severity of liver disease, 
and the diagnostic criteria (1, 2). Nonalcoholic fatty liver dis- 
ease (NAFLD), chronic hepatitis C (CHC), hemochromatosis, 
and alcoholic liver disease (ALD) are regarded as major chronic 
liver diseases associated with diabetes (2). The prevalence of 
diabetes was reported to be between 21% and 45% in NAFLD 
(3), between 17% and 33% in CHC (1, 4), between 50% and 85% 
in advanced hemochromatosis (1), and 18% in ALD (5), respec- 
tively. The relationship of diabetes with chronic hepatitis B (CHB) 
is uncertain (6-8), although the prevalence of diabetes increas- 
es in patients with hepatitis B-related liver cirrhosis (2). The re- 
lationship of diabetes in patients with chronic liver disease can 
be explained by the simultaneous occurrence of the following 
two abnormalities: an inadequate secretion of insulin due to 
decreased response of the beta-cells and insulin resistance in 
muscle and adipose tissue (1). 

Many studies have reported the association between liver 
cirrhosis or steatosis and diabetes. However, most of the previ- 



ous studies were small-scale studies where liver biopsy was 
performed to measure the degree of liver fibrosis or steatosis. 
Liver biopsy has been regarded as the gold standard for the as- 
sessment of fibrosis or steatosis. However, a biopsy sample rep- 
resents only 1/50,000 of the total liver volume, and therefore bi- 
opsy has its limitation in accurate assessment of the whole liver 
Moreover, it has a limited use because of possible complications 
due to its invasive nature (9). Regarding the relationship between 
steatosis and diabetes, several large-scaled studies have used 
abdominal ultrasonography to assess fatty liver change. How- 
ever abdominal ultrasonography has a Limitation to assess the 
degree of fatty Uver because of the subjective interpretation by 
sonographers (10-13). 

Recently, transient elastography has been emerging as a rel- 
evant tool for assessing hepatic steatosis as well as hepatic fi- 
brosis. In transient elastography, liver fibrosis is indicated by 
liver stiffness measurement (LSM), and steatosis, by conttoUed 
attenuation parameter (CAP) score (14-17). Several meta-anal- 
yses have demonstrated the usefulness of transient elastogra- 
phy: sensitivity of 87%, and specificity of 91% for the diagnosis 
of Uver cirrhosis (14). In addition, CAP score in transient elas- 
tography has been shown to be signiflcantiy correlated with the 
grade of steatosis in several studies (15-17). Transient elastog- 



© 2014 The Korean Academy of Medical Sciences. 

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.0rg/licenses/by-nc/3.o) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original worlc is properly cited. 



pISSN 1011-8934 
elSSN 1598-6357 



JKMS 



Ahn JM, et al. • Relationship of Chronic Liver Disease with Diabetes by Transient Elastography 



raphy has several advantages; it is quick, inexpensive, repro- 
ducible, and noninvasive and it can sample about 100 times 
larger portion of Uver tissue than Uver biopsy (16, 18). 

We aimed to evaluate the relationship of hepatic fibrosis and 
steatosis assessed by transient elastography with diabetes mel- 
Utus in patients with chronic liver disease, especially CHB. 

MATERIALS AND METHODS 
Study population 

The study population consisted of 1,383 patients who under- 
went transient elastography from August 2012 to March 2013 at 
Samsung Medical Center, Seoul, Korea. Among these patients, 
those who had one of the following 4 etiologies of liver disease 
were included; CHB, CHC, ALD, and NAFLD. Exclusion criteria 
were as follows: 1) alanine aminotransferase (ALT) level > 2 x 
upper normal limit; 2) total bilirubin (TB) > 1.5 mg/dL; 3) in- 
terquartile ratio (IQR)/median of both LSM and CAP score > 0.3; 
4) miscellaneous other etiologies of liver disease; 5) overlap- 
ping etiologies; 6) lack of data. After exclusion, a total of 979 pa- 
tients were analyzed in the study. 

Assessment of lifestyle and biochemical parameters 

At the time of performing transient elastography, information 
regarding alcohol consumption (quantity and frequency), smok- 
ing (none, past, current, pack-years), exercise (time, frequency), 
and comorbidity (hypertension, hypercholesterolemia, diabe- 
tes meUitus) was collected through questionnaires. The body 
mass index (BMI) for each patient was calculated as body weight 
in kilograms divided by height in meters squared (kg/m^). 

Laboratory examination including aspartate aminotransfer- 
ase (AST), ALT, TB, triglyceride (TG), fasting plasma glucose, and 
hemoglobin Ale (HbAlC) was performed after an 8 hr over- 
night fast. 

Diagnosis of diabetes mellitus 

Diagnosis of diabetes mellitus was made if this condition was 
previously diagnosed by a physician or if the fasting plasma glu- 
cose level was greater than or equal to 126 mg/dL or HbAlC was 
greater than or equal to 6.5% on at least 2 occasions according 
to the 201 1 American Diabetes Association (ADA) criteria (19). 

LSM and CAP assessed by transient elastography 

Transient elastography was performed on the right lobe of the 
Uver through intercostal spaces on patients lying in the decubi- 
tus position with the right arm in abduction. The success rate 
was calculated as the number of successful measurements di- 
vided by total number of acquisitions. The median value of the 
successful LSM was expressed in kilopascal (kPa), whereas the 
median value of the successful CAP score was expressed in deci- 
bel per meter (db/m). Only LSM and CAP score data, acquired 



from at least ten successful measurements, success rate of 100%, 
and IQR/median for both LSM and CAP score of less than 0.3, 
were considered reliable. LSM and CAP score were assessed by 
a professionally trained operator. 

As previously published, the LSM was graded according to 
Metavir fibrosis staging by using the following cutoffs: For CHB 
and CHC, < 8 IcPa for no or mild fibrosis (FO/1), 8-14 kPa for 
significant fibrosis (F2/3), and > 14 kPa for cirrhosis (F4). For 
ALD and NAFLD, < 8 kPa. for no or mild fibrosis (FO/1), 8-19 
kPa for significant fibrosis (F2/3), and > 19 kPa for cirrhosis 
(F4) (3, 18, 20-24). The CAP score was scored according to ste- 
atosis grade by using the following cutoffs: < 239 db/m for no 
steatosis (SO), 239-258 db/m for mild steatosis (SI), 259-292 db/ 
m for moderate steatosis (S2), and > 292 db/m for severe ste- 
atosis (S3) (15). 

Statistical analysis 

Continuous variables were expressed as means ± SD. Compari- 
sons between groups were made using the chi-square or Fish- 
er's exact test for categorical variables and Student's Mest or the 
Mann-Whitney U-test for continuous variables. We used logis- 
tic regression analyses to evaluate the predictive variables asso- 
ciated with the prevalence of diabetes, such as age, gender, BMI, 
hypertension, hypercholesterolemia, smoking, alcohol con- 
sumption, exercise, etiology of Uver disease, LSM, CAP score, 
AST, ALT, and TG; and to determine the odds ratios (OR) for risk 
factors. Non-parametric Spearman test was used for determin- 
ing statistical correlations between LSM and CAP score. AH anal- 
yses were performed using SPSS software (version 21.0 for Win- 
dows; SPSS, Chicago, IL, USA). 

Ethics statement 

The study protocol was approved by the institutional review 
board of Samsung Medical Center, Seoul, Korea (IRB No. 2013- 
07-104). Informed consent was waived by the board. 

RESULTS 

Patient characteristics 

The cUnical and laboratory data of the patients are summarized 
in Table 1. Diabetes was diagnosed in 165 (16.9%) of 979 patients. 
Regarding the etiology of liver disease, 830 (84.8%) patients had 
CHB, 101 (10.3%) patients had CHC, 35 (3.6%) patients had ALD, 
and 13 (1.3%) patients had NAFLD. The mean LSM was 8.61 ± 
8.00 kPa, and tiie mean CAP score was 233. 15 ± 47.35 dB/m. 

Also, the clinical and laboratory data classified according to 
the diabetes group and the non-diabetes group were shown in 
Table 1. Most of the characteristics except for exercise, TG, and 
TB were significantly different between the diabetes group and 
the non-diabetes group. Regarding the etiology of chronic Uver 
disease, there was a significant difference between the diabetes 
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Table 1. Baseline characteristics of patients 



Characteristics 


All patients 


Diabetes group 


Non-diabetes group 


P value 


No. 


979 


165 (16.9%) 


814(83.2%) 




Age (yr) 


51.90 (+ 10,27) 


55.09 ( + 9.44) 


51.25(+ 10.32) 


< 0.001 


Gender {%) 








0.005 


IVlale 


624 (63.7%) 


121 (73.3%) 


503 (61 .8%) 




Femaie 


355 (36.3%) 


44 (26.7%) 


311 (38.2%) 




BMi (kg/m') 


25.12(+ 3.11) 


24.71 (+ 3.32) 


24.00 (+ 3.06) 


0.007 


BMi class (%) 








0.002 


< 25 kg/m^ 


619(63.2%) 


87 (52.7%) 


532 (65.4%) 




> 25 kg/m^ 


360 (36.8%) 


78 (47.3%) 


282 (34.6%) 




Alcohol abuse (%) 


51 (5.2%) 


16(9.7%) 


35 (4.3%) 


0.004 


Current heavy smoker ( > 20 p/y) 


112(11.4%) 


31 (18.8%) 


81 (10.0%) 


0.001 


Exercise 








0.881 


< 3 hr/week 


693 (70.8%) 


116(70.3%) 


577 (70.9%) 




> 3 hr/week 


286 (29.2%) 


49 (29.7%) 


237(29.1%) 




Hypertension {%) 


221 (22.6%) 


64 (38.8%) 


157 (19.3%) 


< 0.001 


Hypercholesterolemia {%) 


99 (10.1%) 


24 (14.5%) 


75 (9.2%) 


0.038 


Etiology 








0.001 


CHB (%) 


830 (84.8%) 


129 (78.2%) 


701 (86.1%) 




CHC (%) 


101 (10.3%) 


18(10.9%) 


83 (10.2%) 




ALU (%) 


35 (3.6%) 


13 (7.9%) 


on /o "7n/ \ 

22 (2.7%i) 




NAFLD (%) 


13(1.3%) 


5 (3.0%) 


8 (1 .0%) 




LSM (kPa) 


8.61 (+ 8.00) 


11.22 (+ 10.51) 


8.07 (+ 7.29) 


< 0.001 


CAP score (dB/rn) 


233.15 ( + 47.35) 


241 .65 ( + 51 .68) 


231 .42 (+ 46.27) 


0.019 


AST (iU/L) 


29.70 (+ 14.15) 


32.20 (+ 16.48) 


29.07 (+ 13.58) 


0.029 


ALT (lU/L) 


29.65 (+ 15.18) 


32.53 (+ 15.55) 


29.07 (+ 15.04) 


0.007 


TG (mM/L) 


102.50 (+ 55.77) 


1 09.89 (+ 71.56) 


100.41 (+ 50.33) 


0.184 


TB (mg/dL) 


0.75 (+ 0.27) 


0.76 (+ 0.28) 


0.75 (+ 0.27) 


0.631 



Results are expressed as mean + SE. BMI, body mass index; p/y, pack/year; CHB, chronic hepatitis B; CHC, chronic hepatitis C; ALD, alcoholic liver disease; NAFLD, non-alco- 
holic fatty liver disease; LSM, liver stiffness measurement; kPa, kilopascal; CAP controlled attenuation parameter; dB/m, decibel/meter; AST aspartate aminotransferase; ALT 
alanine aminotransferase; TG, triglyceride; TB, total bilirubin. 



and the non-diabetes groups {P = 0.001). The mean LSM in the 
diabetes group (11.22 ± 10.51 kPa) was significandy higher com- 
pared to that in the non-diabetes group (8.07 ± 7.29 kPa) (P < 
0.001). Furthermore, the mean CAP score in the diabetes group 
(241.65 ±51.68 dB/m) was significantly higher compared to that 
in the non-diabetes group (231.42 ± 46.27 dB/m) (P= 0.019). 

Comparison of prevalence of diabetes according to the 
etiologies of liver disease 

Regarding the etiology of chronic liver disease, patients with 
ALD and NAFLD showed a significandy higher prevalence of 
diabetes than diose widi CHB (OR, 3.21; P = 0.001, OR, 3.40; 
P = 0.034). Patients with CHC did not show a significant differ- 
ence in the prevalence of diabetes compared with those with 
CHB (OR, 1.18; P = 0.553). 



F2/3 group was higher than that in FO/1 group but there was no 
significant difference between them (OR, 1.34; P = 0.191). Re- 
garding steatosis, represented by the CAP score, the prevalence 
of diabetes in S3 group was significantly higher than that in SO/1 
group (OR, 1.91; P= 0.006). The prevalence of diabetes in S3 
group was higher than that in S2 group with borderline P value 
(OR, 1.77; P = 0.054). However there was no significant differ- 
ence between the prevalence of diabetes in S2 group and SO/1 
group (OR, 1.08; P = 0.740). 

A significant correlation was observed between LSM and 
CAP score in the total patients (r = 0.079, P = 0.013). In patients 
without diabetes, there was a rruld but a significant correlation 
between LSM and CAP score (r = 0.106, P = 0.002), whereas in 
those with diabetes, there was no significant correlation between 
LSM and CAP score (r = -0.125, P = 0.109). 



Comparison of prevalence of diabetes according to LSM 
and CAP score 

As shown in Fig. 1, the prevalence of diabetes was significandy 
different among the degrees of LSM or CAP score (FO/1 [14%], 
F2/3 [18%], F4 [31%], P < 0.001; SO/1 [15%], S2 [17%], S3 [26%], 
P = 0.021). The prevalence of diabetes in F4 group was signifl- 
cantiy higher than that in FO/1 group or F2/3 group (OR, 2.70; 
P < 0.001, OR, 2.02; P = 0.011). The prevalence of diabetes in 



Predictive risk factors of diabetes 

Table 2 shows the significant predictive variables associated 
with the prevalence of diabetes in univariate analysis including 
hypertension (OR, 2.65; P < 0.001), LSM F4 (OR, 2.53; P < 0.001), 
alcohol abuse (OR, 2.39; P = 0.006), current heavy smoking (OR, 
2.09; P = 0.001), AST > 40 U/L (OR, 1.93; P = 0.002), CAP score 
S3 (OR, 1.88; P = 0.006), age > 50 yr (OR, 1.87; P = 0.001), non- 
CHB etiology (OR, 1.73; P = 0.010), male gender (OR, 1.70; P = 
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FO/1 F2/3 F4 O SO/1 S2 S3 © 

Fig. 1 . The prevalence of diabetes according to the LSIVl and CAP score in patients with chronic iiver disease. (A) The prevaience of diabetes according to the degree of iiver fi- 
brosis, measured by LSM in patients with chronic iiver disease (FO/1 [14%], F2/3 [18%], F4 [31%i], P< 0.001). (B) The prevaience of diabetes according to the degree of iiver 
steatosis, measured by CAP score in patients with chronic iiver disease (81 [15%], S2 [17%], S3 [26%], P= 0.021). LSM, iiver stiffness measurement; CAP controlied attenu- 
ation parameter. 



Table 2. Predictive risl< factors for diabetes 



Factors 




Univariate analysis 






Muitivariate analysis 




Odds ratio 


95% C.i. 


P 


Odds ratio 


95% C.L 


P 


Maie gender 


1.70 


1.17-2.47 


0.005 


1.60 


1.05-2.42 


0.027 


Age > 50 yr 


1.87 


1.28-2.74 


0.001 


1.52 


1.01-2.28 


0.046 


BMi > 25 l<g/m' 


1.69 


1.21-2.37 


0.002 


1.16 


0.80-1.70 


0.429 


Hypertension 


2.65 


1.85-3.79 


< 0.001 


1.98 


1.34-2.92 


0.001 


Hyperchoiesteroiemia 


1.68 


1.02-2.75 


0.040 


1.40 


0.83-2.37 


0.210 


Aicohoi abuse 


2.39 


1.29-4.43 


0.006 


1.26 


0.61-2.59 


0.532 


Current heavy smoi<ing 


2.09 


1.33-3.29 


0.001 


1.33 


0.79-2.24 


0.290 


Exercise (> 3 hr/weel<) 


1.03 


0.71-1.48 


0.881 








Non-CHB etioiogy 


1.73 


1.14-2.63 


0.010 


1.34 


0.85-2.13 


0.208 


LSM = F4 


2.53 


1.64-3.90 


< 0.001 


1.86 


1.16-2.99 


0.010 


CAP score = S3 


1.88 


1.19-2.96 


0.006 


1.40 


0.85-2.29 


0.189 


AST > 40 iU/L 


1.93 


1.26-2.94 


0.002 


1.35 


0.79-2.31 


0.274 


ALT > 40 lU/L 


1.61 


1.10-2.35 


0.015 


1.20 


0.76-1.92 


0.433 


TG>150mM/L 


0.95 


0.53-1.73 


0.871 









CI, confidence interval; BMI, body mass index; CHB, chronic hepatitis B; CMC, chronic hepatitis C; ALD, alcoholic liver disease; NAFLD, non-alcoholic fatty liver disease; LSM, 
liver stiffness measurement; CAP controlled attenuation parameter; AST aspartate aminotransferase; ALT alanine aminotransferase; TG, triglyceride; TB, total bilirubin. 




Fig. 2. The prevalence of diabetes according to the LSM and CAP score in patients with chronic hepatitis B. (A) The prevalence of diabetes according to the degree of liver fi- 
brosis, measured by LSM in patients with chronic hepatitis B (FO/1 [13%], F2/3 [15%], F4 [34%], P< 0.001). (B) The prevalence of diabetes according to the degree of liver 
steatosis, measured by CAP score in patients with chronic hepatitis B (SO/1 [14%], S2 [13%], S3 [26%], P= 0.012). LSM, liver stiffness measurement; CAP controlled attenu- 
ation parameter. 



0.005), BMI > 25 kg/m' (OR, 1.69; P = 0.002), hypercholesterol- 
emia (OR, 1.68; P = 0.040), and ALT > 40 U/L (OR, 1.67; P = 0.015). 
IVIultivariate analysis showed that the significant independent 
predictors of diabetes were hypertension (OR, 1.98; P = 0.001), 
LSM F4 (OR, 1.86; P = 0.010), male gender (OR, 1.60; P = 0.027), 
and age > 50 yr (OR, 1.52; P = 0.046) (Table 2). 



Subgroup analysis in patients witti CHB 

In the subgroup analysis with CHB, the prevalence of diabetes 
also showed significant difference among the groups of LSM or 
CAP score (FO/1 [12.7%], F2/3 [15.4%], F4 [33.7%], P < 0.001; 
SO/1 [14.4%], S2 [13.2%], S3 [25.8%], P = 0.012) (Fig. 2). The prev- 
alence of diabetes in F4 group was significantly higher than that 
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Table 3. Predictive risk factors for diabetes in the CHB group 



Factors 




Univariate analysis 






Muitivariate analysis 




Odds ratio 


95% C.i. 


P 


Odds ratio 


95% C.i. 


P 


IVlale gender 


1 .77 


1 .15-2.71 


0.009 


1 .60 


1 .01 -2.53 


0.047 


Age > 50 yr 


2.14 


1 .39-3.29 


0.001 


1 .83 


1 .15-2.89 


0.010 


BMI > 15 kg/m 


1 .48 


1.01-2.17 


0.043 


1 .02 


0.67-1 .55 


0.937 


Hypertension 


2.32 


1 .54-3.50 


< 0.001 


1 .75 


1 .12-2.73 


0.014 


Hyperchoiesteroiemia 


1 .31 


0.72-2.38 


0.375 








Alrnhnl nhi iqp 


1 Q7 


n 90-4 31 


0 092 








Current heavy smoking 


2.20 


1.31-3.70 


0.003 


1.49 


0.85-2.62 


0.168 


Exercise ( > 3 hr/week) 


1.00 


0.66-1.50 


0.987 








LSIVl = F4 


3.32 


2.05-5.37 


< 0.001 


2.48 


1.48-4.14 


0.001 


CAP score = S3 


2.10 


1.27-3.46 


0.004 


1.65 


0.96-2.84 


0.073 


AST > 40 lU/L 


1.64 


0.98-2.75 


0.059 








ALT > 40 lU/L 


1.65 


1.07-2.55 


0.025 


1.36 


0.85-2.18 


0.200 


TG>150 mlVl/L 


0.84 


0.41-1.74 


0.643 









CHB, chronic hepatitis B; CI, confidence interval; BMI, body mass index; CHC, chronic hepatitis C; ALD, alcoholic liver disease; NAFLD, non-alcoholic fatty liver disease; LSM, 
liver stiffness measurement; CAP controlled attenuation parameter; AST aspartate aminotransferase; ALT, alanine aminotransferase; TG; TG, triglyceride; TB, total bilirubin. 



in FO/1 group and F2/3 group (OR, 3.48; P < 0.001, OR, 2.79; 
P = 0.001). The prevalence of diabetes in F2/3 group was higher 
than that in FO/1 group but there was no significant difference 
between them (OR, 1.25; P = 0.386). Regarding steatosis, repre- 
sented by the CAP score, the prevalence of diabetes in S3 group 
was significantly higher than that in SO/1 group or S2 group (OR, 
2.06; P = 0.005, OR, 2.27; P = 0.016). However there was no sig- 
nificant difference between the prevalence of diabetes in S2 
group and SO/1 group (OR, 0.91; P = 0.731). 

The significant independent predictors of diabetes in patients 
with CHB were LSM F4 (OR, 2.48; P = 0.001), age > 50 yr (OR, 
1.83; P = 0.010), hypertension (OR, 1.75; P = 0.014), and male 
gender (OR, 1.60; P = 0.047) (Table 3). 

DISCUSSION 

In our study, the patients with chronic Uver disease had a high 
prevalence of diabetes compared with that in the general popu- 
lation, which is known to be about 9% in Korea (25). Especially, 
the patients with ALD and NAFLD showed a significantly high- 
er prevalence of diabetes than those with CHB. Previous stud- 
ies also showed a high prevalence of diabetes in patients with 
CHC, ALD, NAFLD (1, 2, 26, 27). However, for the patients with 
CHB, the results for the prevalence of diabetes have been con- 
flicting (2, 7, 8). Our data indicate that patients with CHB had a 
higher prevalence of diabetes than the general population, but 
it was lower than that in patients with other etiologies of chron- 
ic liver disease. The prevalence of diabetes in CHC was higher 
than that in CHB, but there was no significant difference. 

Our results demonstrate that the degree of liver fibrosis as- 
sessed by transient elastography has a significant relationship 
with the prevalence of diabetes in patients with chronic liver 
disease. Moreover, these results were similarly observed in pa- 
tients with CHB. Previous studies in which Uver biopsy was per- 



formed for assessing the fibrosis stage also showed similar re- 
sults (28). However, Uver biopsy has limitations such as invasive- 
ness, and hence smaU-scale studies were reported. On the other 
hand, our study that is large-scaled and in which a non-invasive 
method, transient elastography, was used showed that liver fi- 
brosis has a significant relationship with diabetes. 

This study identified the significant independent predictive 
factors of diabetes such as hypertension, Uver cirrhosis, male 
gender, and old age in patients with chronic Uver disease includ- 
ing CHB. More important predictors were hypertension and 
Uver cirrhosis (LSM F4). These risk factors shown in our study 
were quite different from the risk factors of diabetes in the gen- 
eral population such as obesity, low exercise, smoking, alcohol 
consumption, and family history of diabetes (29). Like our study, 
previous studies also identified different risk factors of diabetes 
in patients with chronic liver disease compared with those in 
the general population; however, these risk factors were differ- 
ent among studies (28-30). 

In our study, univariate analysis showed that severe steatosis 
is significant risk factor for diabetes. However multivariate anal- 
ysis did not show significant independent relationship between 
severe steatosis and diabetes. These findings indicate that Uver 
fibrosis is a more important factor for the development of dia- 
betes than steatosis in patients with chronic Uver disease, espe- 
cially CHB. Previous study which was conducted in patients 
with CHC also showed similar results through Uver biopsy (28). 
Several mechanisms could be suggested: blood shunting due 
to portal hypertension and secretion of pro-inflammatory cyto- 
kines (TNF-a, NF-kB) from Uver cirrhosis mainly result in dia- 
betes in chronic liver disease (2, 29, 31). Additionally, our study 
consisted of a large number of CHB group (84.8%) compared to 
NAFLD group (1.3%). Previous studies with NAFLD have shown 
that steatosis is an independent risk factor of diabetes (26, 27). 
Considering this, if our study had had a large number of patients 
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with NAFLD, steatosis might have been an independent pre- 
dictive factor of diabetes. 

Among the etiology of the chronic liver disease, the propor- 
tion of CHB was more than 70%, whereas the total proportion 
of other etiologies was less than 30%. Thus we analyzed data 
limited to the patients with CHB. The subgroup analysis of pa- 
tients with CHB showed the similar results as those with chron- 
ic liver disease. 

Our study demonstrates the prevalence of diabetes in a rela- 
tively larger population with major chronic liver diseases, espe- 
cially CHB, using a non-invasive transient elastography. Espe- 
cially the CAP score, assessed by transient elastography, was re- 
cently found to be a promising measurement of steatosis, alth- 
ough further studies are needed for the CAP score to be accept- 
ed as a standard measurement of steatosis. It is noteworthy to 
apply this method in practice for the first time. Moreover, our 
study excluded the patients with the factors, which may influ- 
ence values in transient elastography, such as high level of trans- 
aminase, TB, and IQR/median (22, 32, 33). Therefore the diag- 
nostic accuracy of transient elastography was increased. In ad- 
dition, the data about life style were prospectively collected with 
accuracy. 

However, there were several limitations of this study. First, we 
did not apply all of the ADA criteria to diagnose diabetes such 
as post prandial or random glucose levels. Therefore, some of 
the patients with diabetes might not be included in the diabetes 
group. Second, there was a lack of pathologic data. Although 
transient elastography is known to be a relevant method, espe- 
cially in patients with chronic Uver disease, liver biopsy is still 
regarded as the gold standard for assessment of Uver fibrosis. 

In conclusion, there is a significant association of diabetes 
with hypertension, Uver cirrhosis (LSM F4), male gender, and 
old age in patients with chronic Uver disease. The degree of liver 
fibrosis, but not steatosis, assessed by transient elastography 
has a significant relationship with the prevalence of diabetes in 
patients with chronic liver disease, especially CHB. 
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